(19) 



3 




(12) 



(43) Date of publication: 

29.01.1997 Bulletin 1997/05 

(21) Application number: 96304483.9 

(22) Date of filing: 17.06.1996 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 0 756 340 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : H01M2/16 



I 
: i3 



m 
m 
.a 



(84) Designated Contracting States: / 
CH DE FR GB LI NL ) 



(30) Priority: 27.07.1995 US 5080I 



(71) Applicant: Pall Corporation 
East Hills, New York 11548 (US) 

(72) Inventors: 

• Degen, Peter John 
Huntington, New York (US) 



(54) Resilient battery separator 

(57) The present invention provides a battery sepa- 
rator comprising a nonwoven web of first and second 
fibers having a mean diameter of about 15 nm or less, 
wherein the first fibers comprise at least about 60 wt.% 
of a first polyolefin having a first melting temperature 
and no more than about 40 wt% of a second polyolefin 
having a second melting temperature which is lower 
than the first melting temperature, the second fibers 
comprise a third polyolefin having a third melting tem- 
perature which is higher than the second melting tem- 
perature, the nonwoven web has two sides, one of 
which sides has been contacted with a heated surface 
such that the nonwoven web has been subjected to a 
temperature higher than the second melting tempera- 
ture and lower than the first and third melting tempera- 
tures so as to render the contacted side more smooth 
than the other side, the battery separator is spontane- 
ously wettable by an electrolyte, the battery separator 
has a thickness of at least about 50 jim. and the battery 
separator has a percent rebound thickness of at least 
about 92% after the application of pressure up to 80 
kPa. The present inventive battery separator preferably 
comprises two such nonwoven webs mated to each 
other nonsmooth side-to-nonsmooth side. The present 
invention also provides a method of preparing such a 
battery separator, as well as a battery incorporating 
such a battery separator. 
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Description 

The present invention pertains to a battery separator and associated method of production, as well as to a battery 
containing the battery separator. 

A wide variety of products, from consumer electronics to battery-powered electric vehicles, utilize electrochemical 
energy sources. Batteries are devices which are capable of converting electrochemical energy into direct current and 
include a variety of electrochemical systems, such as AgO/Zn, Ag 2 0/Zn, HgO/Zn, HgO/Cd, Ni/Zn. Ni/Cd. Ni/MH. and 
Zn/air. 

Batteries are made up of one or more battery cells. In its most elementary form, a battery cell comprises a pair of 
> electrodes, namely, an anode and a cathode, a battery separator, and an electrolyte. When a load is applied to the bat- 
tery, electrons are generated through oxidation at the anode. The electrons thus generated pass through the load, then 
return to the battery cell at the cathode, where the cathode is reduced. 

In such battery ceils, the electrolytic solution, i.e., the solution containing the electrolyte, is the medium for mass 
transport between the electrodes. The primary functions of the battery separator are to prevent physical contact 
between the electrodes and to retain the electrolytic solution. In a starved-eiectrolyte battery cell, the separator com- 
pletely occupies the space between the electrodes, and the electrolytic solution is completely contained within the bat- 
tery separator. The battery separator thus functions as the reservoir for the electrolytic solution in such cells. 

During the discharge and charge cycles of a battery cell, the physical dimensions of the electrodes can change, 
e.g., as a result of swelling. It is desirable that the separator, particularly in a starved-eiectrolyte battery cell, be resilient 
such that it can retain its capacity for electrolytic solution and maintain contact with the electrodes despite such dimen- 
sional changes. In addition, the battery separator should be spontaneously, uniformly, and permanently wettabie in 
order to accommodate and fully retain the electrolytic solution, which is typically aqueous, e.g., 20-40 wt% KOH or 
NaOH. 

The present invention seeks to provide a battery separator which possesses these desirable characteristics. 
The present invention provides a battery separator comprising a nonwoven web of first and second fibers having a 
mean diameter of about 15 jim or less, wherein the first fibers comprise at least about 60 wt.% of a first polyolefin having 
a first melting temperature and no more than about 40 wt.% of a second polyolefin having a second melting temperature 
which is lower than the first melting temperature, the second fibers comprise a third polyolefin having a third melting 
temperature which is higher than the second melting temperature, the nonwoven web has two sides, one of which sides 
has been contacted with a heated surface such that the nonwoven web has been subjected to a temperature higher 
than the second melting temperature and lower than the first and third melting temperatures so as to render the con- 
tacted side more smooth than the other side, the battery separator is spontaneously wettabie by an electrolyte, the bat- 
tery separator has a thickness of at least about 50 urn, and the battery separator has a percent rebound thickness of at 
least about 92% after the application of pressure up to 80 kPa. The present inventive battery separator preferably com- 
prises two such nonwoven webs mated to each other nonsmooth side-to-nonsmooth side. The present invention also 
provides a method of preparing such a battery separator, as well as a battery incorporating such a battery separator. 
Preferred embodiments of the present invention will now be described further, by way of example, as follows. 
The battery separator of the present invention comprises a nonwoven web of first and second fibers having a mean 
diameter of about 15 or less. The battery separator is spontaneously wettabie by an electrolyte. 

The first fibers comprise at least about 60 wt.% of a first polyolefin having a first melting temperature and no more 
than about 40 wt.%. of a second polyolefin having a second melting temperature which is lower than the first melting 
temperature. The first fibers preferably comprise at least about 70 wt.%, more preferably at least about 80 wt.% (e.g.. 
about 80-90 wt.%). of the first polyolefin and no more than about 30 wt%, more preferably no more than about 20 wt.% 
(e.g., about 10-20 wt.%), of the second polyolefin. The first fibers preferably comprise a core of the first polyolefin and 
at least a partially surrounding surface coating of the second polyolefin. More preferably, the first fibers comprise a core 
of the first polyolefin and a sheath of the second polyolefin (i.e., the second polyolefin forms a substantially continuous 
coating over the surface of the core of the first polyolefin). 

The second fibers comprise a third polyolefin having a third melting temperature which is higher than the second 
melting temperature, i.e.. the melting temperature of the second polyolefin of the first fibers. The second fibers can com- 
prise more than one polyolefin, so long as substantially ail of the components of the second fibers have melting tem- 
peratures above the melting temperature of the second polyolefin of the first fibers. Preferably, the second fibers consist 
essentially, most preferably exclusively, of the third polyolefin. The third polyolefin can be. and preferably is. the same 
as the first polyolefin of the first ftoers. Thus, the second fibers are preferably prepared from the same polyolefin which 
makes up the core of the first fibers. 

The first and second ftoers can be prepared from any suitable polyolefins. Suitable polyolef ins include polyethylene, 
polypropylene, and polymethylpentene. The first and third polyolefins are preferably polypropylene, with the second 
polyolefin preferably being polyethylene. The fibers of the nonwoven web can be prepared by any suitable means and 
formed into a nonwoven web by any suitable means, such as the conventional Fourdrinier paper making processes. 
/The nonwoven web can comprise any suitable relative amounts of the first and second fibers. The nonwoven web 
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come from sources such as X-ray machines, electron accelerators, ultraviolet generators, and the like. Electron beam 
(E-beam) radiation is the preferred source of radiation. 

Grafting will typically be accomplished by either irradiating the nonwoven web and then exposing it to a suitable 
solution of monomer, or, alternatively, by irradiating the nonwoven web while it is contacted with a solution of the mory 

s omer. If the polymerization is effected by the former method, the nonwoven web should contact the monomer solution 
as quickly as possible in order to minimize any side-reactions that will deplete the active sites generated by the radia- 
tion. In either case, the radiation should be conducted in the substantial absence of oxygen, which reduces the effec- 
tiveness of the process- Preferably, irradiation is performed under inerting by nitrogen or other noble gas(es). 

The battery separator, specifically the nonwoven web and any surface coating thereon, should be chemically resist- 

io ant to the electrolyte, particularly alkaline electrolytes with which the battery separator is particularly well-suited. More- 
over, the battery separator should retain its characteristic of being spontaneously wettable by an electrolyte after 
exposure to such an electrolyte for a significant period of time, e.g., during the course of multiple charge and recharge 
cycles of a battery incorporating such a battery separator. 

After completion, the battery separator should be readily and uniformly wettable in a consistent manner, which 

is allows for the efficient and complete introduction of electrolyte during battery manufacture. A practical measure of the 
wettability of a battery separator is the wicking rate of the battery separator, e.g., the relative time for a battery separator 
to vertically wick an electrolyte a given distance. The present inventive battery separator preferably is able to vertically 
wick 30 wt.% aqueous KOH to a distance of 2.54 cm (1 inch) in less than about 300 seconds, more preferably less than 
about 200 seconds, and most preferably less than about 150 seconds. 

20 The battery separator can have any suitable thickness, generally a thickness of at least about 50 um. The battery 
separator is preferably as thin as possible, e.g., sufficient to provide the desired strength and uniformity. Further, the 
battery separator should be of sufficient thickness to provide the needed physical and electrical separation between 
battery electrodes and the desired electrolyte capacity, e.g.. at least about 200 wt.% adsorption capacity, preferably at 
least about 300 wt.% adsorption capacity, of an electrolyte solution, particularly an alkaline electrolyte solution such as 

25 about 30 wt.% aqueous KOH. The battery separator preferably has a thickness of less than about 1000 jim, more pref- 
erably less than about 500 um, and most preferably about 150 to about 500 um. 

The battery separator should be as uniform as possible as regards thickness. Preferably, the battery separator will 
have a thickness variability of no more than about ±10%. more preferably no more than about ±9%, which represents 
about 3 standard deviations of the mean thickness of the battery separator. Most preferably, the battery separator will 
30 have a thickness variability of no more than about ±5%. 

The battery separator can have any suitable basis (or sheet) weight The battery separator preferably has a basis 
weight of at least about 10 g/m 2 . e.g.. about 10-120 g/m 2 more preferably greater than about 20 g/m 2 , e.g., about 20- 
100 g/m 2 . The battery separator will typically have a sheet weight of about 40-80 g/m 2 , most typically about 40-60 g/m 2 , 
especially for metal hydride batteries, particularly Ni/MH batteries. 
35 The battery separator has an excellent resiliency. In particular, the battery separator is capable of rebounding to 
nearly its original thickness after the application of significant amounts of pressure to temporarily compress the battery 
separator. Thus, in normal use within a battery between electrodes which swell and contract during charge and dis- 
charge cycles, the battery separator maintains intimate contact with the electrodes and retains its capacity for the elec- 
trolyte solution. 

40 The battery separator preferably has a percent rebound thickness of at least about 92% after the application of 
pressure up to 80 kPa. In other words, the battery separator is capable of rebounding to at feast about 92% of its original 
thickness after the application and removal of pressure up to 80 kPa. More preferably, the battery separator has a per- 
cent rebound thickness of at least about 95%, most preferably at least about 97%, or even at least about 98%, after the 
application of pressure up to 80 kPa. 

45 in addition, the battery separator preferably exhibits a rebound thickness versus pressure slope of about 0 to about 
-0.2 jim/kPa. more preferably about 0 to about -0.15 urn/kPa. and most preferably about 0 to about -0.1 um/kPa, with 
the application of pressure up to 80 kPa. Similarly, the battery separator preferably exhibits a percent rebound thickness 
versus pressure slope of about 0 to about -0.1% rebound thickness/kPa, more preferably about 0 to about -0.07% 
rebound thickness/kPa. and most preferably about 0 to about -0.05% rebound thickness/kPa, with the application of 

so pressure up to 80 kPa. 

The percent rebound thickness is determined using the following test procedure. The "as is" thickness of a test 
sample of the battery separator, i.e.. of the nonwoven web after grafting, washing, and drying, is determined using a 
hand-held Federal Gauge Model 22P-10. The battery separator is placed on a flat, solid surface, and a 3.81 cm x 3.81 
cm x 0.48 cm stainless steel plate with loaded weights is placed on top of the battery separator so as to compress the 
55 battery separator wfth applied pressures of up to at least 80 kPa, generally increased in about 10-20 kPa increments. 
Once loaded, the pressure is maintained on the battery separator for about 3 minutes. The load is then removed from 
the battery separator. After allowing the battery separator to rebound for about one minute, the thickness of the battery 
separator is measured in five places, namely in each of the four corners and the center of the area contacted by the 
stainless steel plate. The percent rebound thickness, i.e.. the rebounded thickness divided by the original thickness mul- 
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web was water washed and then dried. 

The properties of the resulting battery separator are set forth in Table 1. 



TABLE 1 



Property 


Value 


Basis Weight (g/m ) 


59 +/- 1.31 m 


Thickness (jim) 


230+/- 10 

i 


Tensile Strength (MD) (N/m) 


2100 


Tensile Strength (CMD) (N/m) 


1480 


Electrical Resistance (mohm-dm 2 ) 


0.55 


Time Required to Wick 30 wt.% aqueous KOH a Distance of 2.54 cm (sec) 


S3 


Absorption Capacity of 30 wl% aqueous KOH (wt%) 


412 


Critical Wetting Surface Tension (mN/m) 


83 




< 30 sec 



The percent rebound thickness of the resulting battery separator was evaluated and compared with the percent 
rebound thickness of a conventional nylon battery separator available under the trademark VILE DON from Freuden- 
25 berg Nonwovens Group, Weinheim, Germany (and also available under the trademark WEBRIL from Veratec, Inc. , Ath- 
ens, Georgia). The rebound thicknesses (in pm and %) of the two battery separators as a function of applied pressure 
(kPa) are set forth in Table 2. 



TABLE 2 



Present Inventive Battery Separator 


Conventional Nylon Battery Separator 


Pressure (kPa) 


Rebound Thickness (urn) [%] 


Pressure (kPa) 


Rebound Thickness (jim) [%] 


0.0 


206 (100%) 


0.0 


262(100%) 


31.0 


203 (99%) 


15.9 


255 (97%) 


52.4 


202 (98%) 


31.0 


246 (94%) 


66.9 


202 (98%) 


61.4 


243 (93%) 


82.7 


201 (98%) 


71.0 


238 (91%) 


96.5 


200 (97%) 


83.4 


236 (90%) 



45 As demonstrated by the rebound thickness test results, the present inventive battery separator has an excellent 
resiliency as compared to the conventional nylon battery separator. In particular, while the conventional nylon battery 
separator was capable of only about 90% rebound at an applied pressure of about 80 kPa. the present inventive battery 
separator was capable of 97% rebound at an applied pressure up to about 80 kPa and even up to about 100 kPa. 
In addition, a plot of rebound thickness versus applied pressure reveals that the slope of the resulting curves 

so (straight lines) are dramatically different for the present inventive and conventional nylon battery separators. While there 
is a significant decrease in rebound thickness with increasing applied pressure for the conventional nylon battery sep- 
arator (i.e.. a slope of about -0.3 jim/kPa), there is little change in rebound thickness with increasing applied pressure 
for the present inventive battery separator (i.e., a slope of about -0.06 um/kPa, or about a five times smaller slope than 
the slope for the conventional nylon battery separator). 

55 Similarly, a plot of percent rebound thickness versus applied pressure also reveals that the slope of the resulting 
curves (straight lines) are dramatically different for the present inventive and conventional nylon battery separators. 
While there is a significant decrease in percent rebound thickness with increasing applied pressure for the conventional 
nylon battery separator (i.e., a slope of about -0.12% rebound thickness/kPa). there is much less a change in percent 
rebound thickness with increasing applied pressure for the present inventive battery separator (i.e.. a slope of about - 
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0.03% rebound thickness/kPa. or about a four times smaller slope than the s.ope for the conventional nyton battery sep- 

aral While this invention has been described with an emphasis upon preferred embodiments, it will be obvious to ^ 
of orSyS thl art that variations of the preferred embodiments are also encompassed w,th,n the scope of .he 



invention as defined by the following claims 
Claims 
1. 



ture which is higher than sari second melting temperature sari nonwover web ^ one of ^ 

up to 80 kPa. 

2. The battery separator of claim 1 , wherein said battery separator has a percent rebound thickness of at least about 
92% after the application of pressure up to 80 kPa. 

alkaline electrolyte. 

6. The battery separator of any of claims 1-5. wherein said fibers comprise a core of said first polyo.efin and at .east 
a partially surrounding surface coating of said second polyolefm. 

7. The battery separator of any of claims 1 -6. wherein said nonwoven web has a critical wetting surface tension of at 
least about 70 mN/ra 

8. A rechargeable, starved-electrolyte battery comprising two e.ectrodes separated by the battery separator of any of 

claims 1-7. 

side, and (c) surface modifying said nonwoven web so as to render sari nonwoven "* ^Jf^JSfcS tS 

-0 1% rebound thickness/kPa with the application of pressure up to 80 kPa. 

modification of said nonwoven webs. 
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